Purpose: The purpose of this study is to correlate the MR findings with clinical stage and clinical outcome, and to describe the evolutional changes of abnormal MR findings oftransverse myelitis.
INTRODUCTION
Transverse myelitis is an idiopathic in11ammatory or demyelinating syndrome 01 the spinal cord involving both halves 01 the cord , often over a considerable length , and appearing without any history 01 previous neurological disease (1) . The most common 1eatures are weakness 01 the lower extremities and bilateral sensory loss , usually with a well -de1ined sensory level. IL may progress to urinary and 1ecal incontinence (1 , 2) .
Magnetic resonance (MR) imaging is the modality of choice 10r detecting pathological processes 01 the spinal cord (3 -6) . To our knowledge , only a 1ew reports 01 MR imaging of transverse myelitis , mostly 01 acute variety , have appeared in the literature. Those reports 'OepartmentofRadiology, Seoul National University Coll ege of Medicine This work was supported in part by a grant from the fac ulty research fund of Seoul National University Hospital ,1993 Received November 23, 1994 ; Accepted January 13, 1995 Address repr int requests to :Jae Seung Kim , M.O. 717-28, Banpo-1-dong , Seocho-gu , Seoul , 137-040 Korea. Tel. 82 -2-547 -60995 -20 1 described con11icting 1indings with respectto the signal intensity 01 the spinal cord (7 -11) .
The purpose 01 this study was to describe the MR 1indings 01 the spinal cord lesion and to correlate the MR 1indings with clinical stage and outcome in patients with transverse myel itis.
MATERIALS and METHODS
Medical records and spinal MR images 0123 patients with clinical diagnosis 01 transverse myelitis and who had abnormal signal intensity in the spinal cord with no or slight cord bulging on MR imaging , were retrospectively reviewed.
Criteria 10r the diagnosis 01 transverse myel iti s were based on : (1) the development 01 loss 01 sensory and motor function ; (2) spinal transverse segmental level of sensory disturbance (patients with Brown -Sequard syndrome were excluded) ; (3) no history of antecedent neurologic disease (e. g., multiple sclerosis) or other known neurologic disease including trauma , metastases , and encephalitis ; (4) no clinical or radiologic evidence 01 spinal cord compression. Twenty -three patients 1ul1illed these criteria, consisting 0115 males and eight 1emales, 25-74 years old (mean 54.6years) The patients who had an intramedullary mass with increased size on 101l 0w -up MR imaging were excluded. Clinical 10110w -up varied 1rom 2 to 36 months (m ean 14.6 months).
Five patients had viral or bacterial in1ection preceding the onset 01 transverse myelitis by 4 to 27 days. 01 these 1ive patients , three had upper respiratory in1ec-tion(possibly viral), and one each had herpes zoster and acute gastroenteritis. In one patient who subsequently developed optic neuritis , multiple sclerosis (MS) evolved out 01 acute transverse myelitis (Fig. 1 ). Another patient with acute symptoms had systemic lupus erythematosus (SLE). Etiology 01 the disease was not known in the remaining 16 patients
The patients were divided into three groups according to the patterns 01 development 01 symptoms : acute variety (n=12) , in which symptoms develop rapidly and reach their peak 01 severity within days ; the subacute variety (n=91. in which the disease evolves over a period 012 to 6 weeks; and the chronic variety (n=2) , in which more than 6 weeks elapse between the onset and theω11 development01theclinical symptoms.
AII patients were imaged on a 2.0 T superconducting unit using spin -echo pulse sequence. T1 -weighted sagittal images were obtained with a repetition time (TR) 01500-800 ms and an echo time (TE) 0130 ms. Proton density -and T2 -weighted sagittal and axial images were obtained with a TR 012500 ms and TEs 01 30 and 80 ms, respectively. In 15 patients , T1 -weighted axial and sagittal images were obtained after intravenous I 미 ection of gadopentetate dimeglumine (Magnevist@ Schering , Germany) 0.1 mmol/kg. The matrix number was 180-256 X 256 10r sagittal images and 180-210 x 256 10r axial images. FOV was 256 mm 10r sagittal images and 180-210 mm 10r axial images. The slice thickness/gap was 3 mm/1 mm 10r sagittal images and 7 mm/2 mm 10r axial images. The interval between MR imaging and the ω11 development 01 symptoms were variable (Table 1) . Nine 101l 0w -up MR examinations were performed in eight patients. The periods of 101l 0w -up varied 1rom 1 to 25 months (mean 11 .2 months).
The MR images were reviewed regarding the 10-cation , extent, signal intensity, and contrast enhancement pattern 01 the cord lesion , presence or absence of cord bulging , and serial change of. cord abnormalities on the 1이 low -up MR images. These MR 1indings were correlated with clinical stages including interval 01 time between MR imaging and f 비 1 development 01 clinical symptoms , and with clinical outcome.
RESULTS
The clinical stages , MR 1indings 01 initial and 101l0w -up studies , and clinical outcome 01 the 23 patients are summarized in Table 1 . The spinal cord was slightly enlarged ( Fig. 1 and 2 ) in 14 patients , within normal range in eight patients , and slightly atrophic in the remaining one patient (Fig. 3a) . Enlargement 01 the cord was 1requently seen within 10ur weeks after 1 비 1 development 01 symptoms (12 01 18 patients). The initial T2 weighted MR images showed high signal intensity within the spinal cord in all 23 patients. On T1 -weighted images , the signal intensity was slightly hypointense or isointense relative to normal spinal cord. The lesions were variable in location , but mainly located at low -and mid -thoracic levels (18 patients). The length 01 the lesions depicted on T2 -weighted sagittal images were variable , ranging 1rom two to ten vertebral heia b c Fig . 1 . MR images of a 42-year-old man with multiple sclerosis which was evolved out of acute transverse myelitis a-c. Three weeks after f비 I development of symptoms , T2-weighted sagittal image (a) shows diffuse high signal intensity (arrow heads) in the mildly en larg ed cord at C3-5level. Post-contrast sagittal (b) and axial (c) images show focal patchy enhancement (arrow) in posterior portion ofcervical co rd at C41evel ghts. On T2 -weighted axial images, the high signal intensity was usually centrally located within the cord , and involved over two third of transverse surface of the cord in 17 patients (Fig . 2b) , and less than two third in six patients. It was homogenous and round-shaped in all patients. In five of nine patients involving lower thoracic spinal cord , the lesions extended caudally through the conus medullaris , and showed " button hole" or " owl ' s eyes" appearance at the conus medullaris (Fig. 3b) . A focal area of low signal intensity within the lesions on both T1 and T2 -weighted images sugge- •• CE = con trast enhan cemen t: + enhanced , -not-enhanced sting hemorrhage (Fig . 4) was observed in two patients. Contrast enhancement of the 1 esi on was noted in 11 of 15 patients and was usually seen within four weeks after f비 1 development of clinical symptoms (9 of 12 patients) . It was focal patchy in appearance in seven ( Fig . 1 ) and small round in four patients.
On f이 low -up MR images obtained in eight patients , the spinal cord which had been slightly enlarged on initial MR image was normalized between one and 12 months in five patients (Fig. 2) , and became atrophic at 14 and 25 months in two patients (Fig. 4) . In the remain- ing patient, a cord of normal size was not changed. The high signal intensity ofthe cord decreased in extent between one and 13 months in six patients , and disappeared at 24 and 25 months in two patients (Fig. 2) The clinical outcome of the present series was variable: normalized in one; good (minimal neurologic sign) in 13 ; fair (weakness , incontinence) in four ; poor (paralysis or wheel chair • dependent) in four ; expired due to pneumonia in one patien t. Poor clinical outcome with severe residual dysfunction was associated with MR findings of cord atrophy and/or focal hemorrhage in three of four patients (Table 1) DISCUSSION Transverse myelitis is an uncommon but not rare condition occurring in all age -groups. The annual incidence has been estimated at one per 1.34 million population in a report (12) . a c b Only few previous reports discussed the MR signal characteristics of acute transverse myelitis (7 -11) . Those papers emphasized diffuse cord enlargement but described conflicting signal characteristics of the cord on long TR sequence. Merine et al. (10) reported the lesion was isointense relative to normal cord on a long TR sequence in both of their two cases. However , diffuse increased signal intensity on long TR sequence was the most common finding in the other reports (7 -9, 11) . Contrast enhancement of the lesion was also documented. In the present series, all patients showed diffuse increased intensity of the cord on long TR sequence. However , MR findings of cord enlargement and contrast enhancement were variable (Table 1) . A focallesion of low signal intensity on both T1 -and T2 -weighted images in our two cases presumably indicates acute or chronic petechial hemorrhage (Fig. 4) , which has not been discribed previously in transverse myelitis. Although the cause of hemorrhage is not d Fig . 2 . MR images 01 a 45-year-old woman presented with paraplegia and sensory loss 01 subacute course a and b. Two weeks alter 1비 1 develoment 01 symptoms' T2-weighted sagittal (a) and axial (b) images show diffuse high signal intensity (arrows) within enlarged cord c. One year later, T2-weighted sagittal images show decrease 01 cord size and diminution 01 high signal intensity d. Two years later, T2-weighted sagittal image shows lurther diminution 01 high signal intensity in the spinal cord. a b Fig. 3 . MR images 01 a 27-year-old man with acute post-inlectious transverse myelitis a and b. Seven months after ω11 development 01 symptoms , T2-weighted sagittal im age (a) shows linear stripe 01 high signal intensity within lower thoracic spinal cord (white arrows). On T2-weighted axial image (비 at conus medullaris level , the high signal intensity within spinal cord has " buttonhole" appearance (arrows) a b c Fig . 4 . M R im ages 01 a 57-year-old woman with acute transverse myelitis a and b. One day after lull development 01 sym ptoms , T1-weighted sagittal i mage (a) shows central low si gnal i ntensity (arrows) with in slightly enlarged conus medullaris. T2-weighted sagittal image (b) shows dilluse high signal intensity (white arrows) in lower thoracic cord and low signal intensity (arrows) in the conus medullaris c. Two years later, T2-weighted sagittal image shows severe atrophy 01 lower thoracic cord and conus medullaris with m ultiple loci 이 low signal intensity (arrows) suggesting possible hemosiderin deposition known in transverse myelitis , vascular insult might be attributed to it Serial changes of the cord abnormalities have been reported in a few cases (7 , 9) . Those reports described serial change of abnormal findings in acute transverse myelitis , but provided no details in relation to the interval of time between MR study and f 비 I development of clinical symptoms. In our cases , diffuse involvement of the cord , cord enlargement, and focal contrast enhancement were mostiy observed within the first four weeks after f 비 1 development of clinical symptoms , regardless of clinical variety , and they decreased in ex--205 tent or vanished later than four weeks on either initial or fOllow -up MR images. This change is similar to that seen in spinal cord ischemia (13) . It is interesting to note that these changes of MR findings correlate invariably with the interval of time between MR study and full development of symptoms , though they were variable with the interval of time after symptom onset The etiology of transverse myelitis remains largely unknown , though many well documented associations exist and include viral illness (14 -16) , vaccinations (1 7) , MS (12) , vascular insufficiency (18) , and SLE (11) Preceding infection was noted in one -third of the patients with acute transverse myelitis in Hoffman 's series (19) . Berman et al (12) found that postinfectious transverse myelitis was more common in individuals under age 40. Paine and Byers (18) found a dissociation between pain and other sensory modal ities in patients with acute transverse myelitis. Dissociated sensory loss is usually attributed to a vascular cause. Sensory deficits of high and middle thoracic levels were more common in acute transverse myelitis without prior infection. Since blood supply is more limited at high and middle thoracic cord levels , their findings would be compatible with a vascular cause in patients without infection (18) . Another support for vascular etiology in some cases of acute transverse myelitis is that clamping of the aorta or dissecting aneurysm may cause a clinical picture of acute transverse myelitis (2이 . In this series , the temporal evolution of MR findings similar to that of a cord ischemia , mainly affecting thoracic levels , and old age of patients suggest that the etiology of unidentified transverse myelitis , which was the largest group of our series , might be vascular insufficiency.
MR
In general , it seems not difficult to differentiate transverse myelitis from neoplasm , even though diffuse high signal intensity on a long TR sequence , cord enlargement, and contrast enhancement were nonspecific findings that may result from a variety of diseases such as ischemia , demyelinating disease , and tumor (6 , 21) . In view of the MR findings in the present series , a small focal or patch enhancement within the much lar ger lesions of high intensity on T2 -weighted images is in favor of transverse myelitis , whereas the more pronounced larger enhancement within the enlarged cord suggests cord tumor. Vanishing or diminution of these findings on the follow -up MR images is also helpf비 in differentiation from the neoplasm In a report regarding the prognosis of transverse myelitis (1) , rapid onset of disability and back pain were often associated with poor outcome. Our study suggests that cord atrophy and focal hemorrhage on MR images are related to poor prognosis.
In conclusion , even though MR findings of transverse myelitis are nonspecific , they correlate well with clinical stage and outcome. Serial MRI , especially follow -up MRI over at least one month after f비 1 development of clinical symptoms are useful for d i agnosis of transverse myelitis and predic
